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(57) ABSTRACT

The present imnvention has for its object to provide a method

for producing an L-allysine acetal which involves a fewer
steps and 1s efficient.

This mvention relates to method for producing an L-allysine

acetal which comprises;

converting a D,L-allysine acetal of the following general
formula (1) (wherein R* and R* are the same or different,
and each of them represents an alkyl group having 1 to 8
carbon atoms, or they combinedly form a ring and rep-
resent an alkylene group having 2 to 8 carbon atoms) to
a mixture of a 2-oxo0-6,6-dialkoxyhexanoic acid of the
following general formula (2) (wherein R and R are as
defined above) and an L-allysine acetal of the following
general formula (3) (wherein R' and R* are as defined
above) by reacting 1n the presence of an enzyme capable
of stercoselective oxidative deamination of D-amino
acids and;

1solating said L-allysine acetal after said converting.

R107/\/\(COOH

2
R“O NH,

(1)

RIOMCOOH
2
R20 O
(3)
RO COOH

2
R20 NH,

12 Claims, No Drawings
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PROCESS FOR PRODUCING L-ALLYSINE
ACETALS

This application 1s a 371 of PCT/JP98/01830 filed Apr.
22, 1998.

TECHNICAL FIELD

The present invention relates to a method for producing
an L-allysine acetal. More particularly, the present invention
relates to a method for producing L-allysine ethylene acetal.
[-allysine ethylene acetal 1s of use as a synthetic 1nterme-
diate 1n the production of medicinal substances.

BACKGROUND ART

Never known heretofore 1s a production technology for

[-allysine acetals. All that 1s known 1s a process for pro-
ducing the racemic compound D,L-allysine ethylene acetal
which comprises 8 reaction steps starting with dihydropyran
(Bioorganic & Medicinal Chemistry, (3)9, 1237 (1995)).
However, this racemic compound cannot be utilized as a
synthetic intermediate 1n the production of medicinal sub-
stances.

SUMMARY OF THE PRESENT INVENTION

In view of the above state of the art, the present invention
has for its object to provide a method for producing an
[-allysine acetal which involves a fewer steps and 1s efli-
cient.

The present invention 1s directed to a method for produc-
ing an L-allysine acetal which comprises;
converting a D,L-allysine acetal of the following general

formula (1):

(1)

(wherein R and R” are the same or different, and each of
them represents an alkyl group having 1 to 8 carbon
atoms, or they combinedly form a ring and represent an
alkylene group having 2 to 8 carbon atoms) to a mixture
of a 2-oxo-6,6-dialkoxyhexanoic acid of the following
general formula (2):

2

R%O O

(2)

(wherein R* and R” are as defined above) and an
[-allysine acetal of the following general formula (3):

2
R20 NH,

(3)

(wherein R* and R” are as defined above) by reacting in
the presence of an enzyme capable of stercoselective
oxidative deamination of D-amino acids and;

1solating said L-allysine acetal after said converting.
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DETAILED DESCRIPTION OF THE PRESENT
INVENTION

The present invention 1s now described in detail.

The D,L-allysine acetal for use 1n the present invention 1s
a compound of the following general formula (1).

RlOMCOZH
2

RZ0 NH,

(1)

Referring to the D,L-allysine acetal of the above general
formula (1), R" and R* are the same or different, and each
of them represents an alkyl group having 1 to 8 carbon
atoms, or they combinedly form a ring and represent an
alkylene group having 2 to 8 carbon atoms. The alkyl group
mentioned above 1s not particularly restricted but includes
lower alkyl groups such as methyl, ethyl, propyl, isopropyl,
n-butyl, i1sobutyl, t-butyl, s-butyl, hexyl, and octyl. The
alkylene group mentioned above 1s not particularly
restricted, either, but includes lower alkylene groups such as
cthylene, trimethylene, tetramethylene, ethylethylene,
butylethylene, and hexylethylene. In the present invention,
use of D,L-allysine ethylene acetal in which R* and R”
represent ethylene 1s preferred.

The D,L-allysine acetal of the above general formula (1)
can be synthesized from dihydropyran, which 1s commer-
cially available, 1n 8 steps by the method described in
Bioorganic & Medicinal Chemistry, (3)9, 1237 (1995). In
the alternative process disclosed 1n Japanese Kokai Publi-
cation Sho-48-39416, the objective compound can be easily
produced by synthesizing glutaraldehyde monoethylene
acetal from glutaraldehyde and ethylene glycol, both of
which are commercially available, reacting said glutaralde-
hyde monoethylene acetal with potassium cyanide and
ammonium carbonate 1n accordance with the well-known
Bucherer method, and hydrolyzing the reaction product.

An enzyme capable of stereoselective oxidative deami-
nation of D-amino acids for use 1 the present invention 1s
not restricted but includes enzymes available from various
sources, for example the D-amino acid oxidase derived from

a strain of microorganism of the genus Trigonopsis, porcine
kidney, and the like.

The above-mentioned D-amino acid oxidase of the Trigo-
nopsis origin may for example be to “D-AOD Immobilized”
(Boehringer Mannheim) and the like and the D-amino acid
oxidase derived from porcine kidney includes “D-Amino
Acid Oxidase” (Sigma).

The L-allysine acetal production method for the present

invention can be typically carried into practice in the fol-
lowing manner.

The D,L-allysine acetal 1s dissolved 1n a buifer of pH 5 to
10, preferably pH 6 to 9, and concentration of 1 mM to 1 M,
preferably 10 mM to 100 mM, at a substrate concentration
01 0.1 to 50 w/v %, preferably 1 to 20 w/v %. To this solution
1s added 0.001 to 10 parts by weight, preferably 0.01 to 2
parts by weight, based on D,L-allysine acetal, of D-amino
acid oxidase, and the D-selective oxidative deamination
reaction 1s conducted under stirring at a reaction temperature
of 5 to 80° C., preferably 10 to 50° C., for 1 to 100 hours,
preferably 1 to 20 hours. After completion of the reaction,
the D-amino acid oxidase 1s recovered with filtration or
centrifugation and the pure L-allysine acetal is 1solated by
crystallization and the like technique.
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The buffer mentioned above 1s not particularly restricted
but 1includes a phosphate buffer and the like.

The solvent for said crystallization 1s not particularly
restricted but includes alcoholic solvents such as methanol,
cthanol, propanol, etc., water, and solvent mixtures thereof.

In the above oxidative deamination reaction, hydrogen
peroxide usually 1s formed as a byproduct because molecu-
lar oxygen 1s the hydrogen acceptor of D-amino acid oxi-
dase. It 1s known that accumulation of hydrogen peroxide
inactivates enzymes and triggers decomposition of 2-0xo-
6,6-dialkoxyhexanoic acids. The hydrogen peroxide pro-
duced 1n the course of catalysis by the D-amino acid oxidase
can be eliminated by any of several alternative procedures
known to those skilled 1n the art.

The first procedure 1mnvolves use of the enzyme catalase.
Thus, in the L-allysine acetal production method for the
present 1nvention, the disproportionation reaction of hydro-
ogen peroxide to molecular oxygen and water can be cata-
lyzed by conducting the reaction 1 the presence of a
catalase.

As the catalase mentioned above, commercial products

derived from mammalian livers, Aspergillus niger and the
like are available.

The second procedure involves use of a metal oxide.

Thus, 1n the L-allysine acetal production method for the
present 1vention, the hydrogen peroxide can be decom-
posed by conducting the reaction in the presence of a metal
oxide.
The above-mentioned metal oxide 1s not particularly
restricted but includes manganese oxides such as manganese
dioxide. The manganese oxides lead enzymes inclusive of
sald D-amino acid oxidase and catalase to stabilize and, as
such, can be used with advantage.

In accordance with the present invention, said enzyme
capable of stercoselective oxidative deamination of
D-amino acids and said catalase may respectively be used in
the form of whole cells containing them, crude disrupted cell
preparations, partially purified cellular fractions, or puriiied
enzymes. The enzymes may also be used either as they are
or as immobilized beforehand.

BEST MODE FOR CARRYING OUT THE
PRESENT INVENTION

The following examples are intended to 1illustrate the
present invention in further detail without limiting the scope
of the present invention 1n any manner.

EXAMPLE 1

A 15 mL screw tube was charged with 19 mg of D,L-
allysine ethylene acetal, 19 mg of D-amino acid oxidase
(derived from porcine kidney, Sigma), 2 mg of catalase
(derived from bovine liver, Sigma), and 2 mL of 100 mM
phosphate buffer (pH 8.3), and the reaction was carried out
with stirring at room temperature for 22 hours. This reaction
mixture was filtered and the filtrate was analyzed by HPLC
(Finepak SIL C18-5, Nippon Bunko). The substrate residue
rate was found to be 62%. The remaining L-allysine ethyl-
ene acetal was N-protected and methyl-esterified to give
methyl 2-N-carbobenzyloxy-amino-6,6-ethylenedioxy-
hexanoate, and i1t was then subjected to HPLC analysis
(CHIRALCEL OD-H, Daicel). As a result, the optical purity

of the product was found to be 85.6% c.c.

EXAMPLE 2

A 15 mL screw tube was charged with 19 mg of D,L-
allysine ethylene acetal, 19 mg of immobilized D-amino
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acid oxidase (of the Trigonopsis origin, Boehringer
Mannheim), 2 mg of catalase (derived from bovine liver,
Sigma), and 2 mL of 100 mM phosphate buffer (pH 8.3) and
the reaction was carried out with stirring at room tempera-
ture for 22 hours. This reaction mixture was filtered and the
filtrate was subjected to HPLC analysis (Finepak SIL C18-5,
Nippon Bunko). As a result, the substrate residue rate was
found to be 49%. The remaining L-allysine ethylene acetal
was N-protected and methyl-esterified to methyl 2-N-
carbobenzyloxy-amino-6,6-cthylenedioxy-hexanoate, and 1t

was then subjected to HPLC analysis (CHIRALCEL OD-H,
Daicel). The optical purity was found to be 100% e.e.

EXAMPLE 3

In a 200 mL microjar, 4.73 ¢ of D,L-allysine ethylene
acetal and 4.1 mg of catalase (derived from bovine liver,
Sigma) were dissolved in 100 mL of 10 mM phosphate
buffer (pH 8.3). Then, 2.37 g of immobilized D-amino acid
oxidase (of the Trigonopsis origin, Boehringer Mannheim)
was added and the reaction was conducted with stirring and
0.5 mL/min. aeration at 25° C. for 12 hours. This reaction
mixture was filtered and the filtrate was subjected to HPLC
analysis. The substrate residue rate was 50%. The filtrate
was also concentrated under reduced pressure, added
methanol, and stirred under cooling with 1ce bath, and the
precipitated L-allysine ethylene acetal was collected by
filtration and dried to provide 1.73 ¢ of pure L-allysine
cthylene acetal. By HPLC analysis, the chemical purity of
this product was found to be 99% (Finepak SIL C18-5,

Nippon Bunko), and the optical purity was 100% e.e.
(CROWNPAK CR(+), Daicel).

REFERENCE EXAMPLE 1

Synthesis of D,L-allysine ethylene acetal

In a 2 L three-necked flask, crude glutaraldehyde mono-
ethylene acetal (486 mM, 74 mM of glutaraldehyde content)
was dissolved m 350 mL of water, followed by addition of
72.6 g of sodium hydrogensulfite, and the mixture was
stirred under cooling with ice bath for 1 hour. Then, 45.4 ¢
of potassium cyanide was added and the reaction was carried
out with stirring for 16 hours. After completion of the
reaction, the organic layer was separated and the remaining
aqueous layer was extracted with methylene chloride. The
extract and said organic layer were combined and concen-
trated. The residue was dissolved 1n 350 mL of water —175
mL of ethanol, followed by addition of 112 g of ammonium
carbonate, and the reaction was carried out at 55° C. for 20
hours. This reaction mixture was concentrated under
reduced pressure and the ethanol was distilled off. Then, 875
mL of water and 349 g of barium hydroxide hydrate were
added and the reaction was carried out under atmospheric
pressure at 121° C. for 6 hours. Then, 85 g of ammonium
carbonate was added and the precipitated barium carbonate
was filtered off. The filtrate was concentrated, added
methanol, and stirred under cooling. The precipitated crystal
was recovered with filtration and dried to provide 73.6 g of
pure D,L-allysine ethylene acetal (yield 80%).

INDUSTRIAL APPLICABILITY

The L-allysine acetal production method for the present
invention being as described above, L-allysine acetals can
now be produced 1n a fewer steps and with high efficiency.

What 1s claimed 1s:

1. A method for producing an L-allysine acetal which
COMpPrises;

converting a D,L-allysine acetal of the following general

formula (1):
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R20 NH,

(wherein R* and R” are the same or different, and each
of them represents an alkyl group having 1 to 8 carbon
atoms, or they combinedly form a ring and represent an

alkylene group having 2 to 8 carbon atoms) to a mixture
of a 2-0x0-6,6-dialkoxyhexanoic acid of the following
general formula (2):

R?O O

(2)

(wherein R* and R* are as defined above) and an
L-allysine acetal of the following general formula (3):

RlOY\/YCOZH

2
R20 NH,

(3)

(wherein R' and R* are as defined above) by reacting
in the presence of an enzyme capable of stereoselective
oxidative deamination of D-amino acids and;

1solating said L-allysine acetal after said converting.
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2. The method for producing an L-allysine acetal accord-
ing to claim 1 wherein the D,L-allysine acetal 1s D,L-
allysine ethylene acetal.

3. The method for producing an L-allysine acetal accord-
ing to claim 1 wherein the enzyme capable of stereoselective
oxidative deamination of D-amino acids 1s an enzyme
derived from a strain of microorganism of the genus Trigo-
nopsis or an enzyme dertved from porcine kidney.

4. The method for producing an L-allysine acetal accord-
ing to claam 1, wherein the reaction i1s conducted 1n the
presence of a catalase.

5. The method for producing an L-allysine acetal accord-
ing to claam 1, wherein the reaction i1s conducted in the
presence of a metal oxide.

6. The method for producing an L-allysine acetal accord-
ing to claim 5 wherein the metal oxide 1s a manganese oxide.

7. The method for producing an L-allysine acetal accord-
ing to claim 2 wherein the enzyme capable of stereoselective
oxidative deamination of D-amino acids 1s an enzyme
derived from a strain of microorganism of the genus Trigo-
nopsis or an enzyme derived from porcine kidney.

8. The method for producing an L-allysine acetal accord-
ing to claim 2 wherein the reaction i1s conducted in the
presence of a catalase.

9. The method for producing an L-allysine acetal accord-
ing to claim 3 wherein the reaction is conducted in the
presence of a catalase.

10. The method for producing an L-allysine acetal accord-
ing to claam 2 wherein the reaction 1s conducted in the
presence of a metal oxide.

11. The method for producing an L-allysine acetal accord-
ing to claim 3 wherein the reaction is conducted in the
presence of a metal oxide.

12. The method for producing an L-allysine acetal accord-
ing to claim 4 wherein the reaction i1s conducted in the

presence of a metal oxide.

% o *H % x
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